A model which combines the plate thickening model and the preferred orientation olivine model is proposed to interpret P-wave velocity azimuthal anisotropy in the lithosphere. Two layers of anisotropy are used to interpret the low velocity zone structure introduced by Asada and Shimamura in the Northwestern Pacific as a result of the azimuthal difference of the maximum P-wave velocity axes. We also suggested that the rate of anisotropy changes with depth.
I. In
Assuming that olivine aggregates could be aligned into a preferred orientation under deviatoric stress at hydrostatic pressures greater than 1 GPa, and that the preferred orientation of olivine aggregates is due to recrystallization, KUMAZAWA and SHIMAZU (1967) suggested that some characteristics of palaeo stress systems may be determined by detecting the preferred orientation of olivine in the lithosphere. suggested two possible models for the configuration of anisotropic alignments throughout the lithosphere a uniform alignment model and a layered alignment model. In the uniform alignment model, there is little variation with depth of the alignment in the lithosphere, while in the layered alignment model the alignment in the lithosphere can vary with depth. In the latter case, the alignment at the lower boundary of the lithosphere is assumed to be permanently fixed after the lithosphere cools to temperatures below solidus. This assumption allows the lithosphere to have layers with different alignments, so that if the stress of flow pattern changes near the lithosphere-asthenosphere boundary, the alignment of minerals would also change correspondingly.
A considerable amount of seismic evidence for in situ azimuthal anisotropy beneath continents and oceans has been accumulated (BIBEE and SHOR, 1976; BAMFORD and CRAMPIN, 1977; FUCHS, 1977; OKADA et al., 1978; BAMFORD et al., 1979; SHIMAMURA et al., 1983) . Most of these data were obtained by refraction surveys that sample only a thin layer at the top of the mantle. FucHs (1983), using a model of layered anisotropic alignment, suggested that both the preferred orientation of minerals and the rate of anisotropy (the bulk ratio of oriented minerals) could vary with depth down to 50 km. However, the in situ data of azimuthal anisotropy used by Fuchs are only related to the P,, velocity and do not pertain to velocities of the uppermost mantle at depth. Assuming the existence Since the spreading direction of the Pacific plate nearly coincides with its absolute motion (MINSTER and JORDAN, 1978) , we need not distinguish the absolute and relative motions. In our model, the anisotropic mineral alignments are assumed to form when partially molten material beneath lithospheric plates recrystallizes at the interface between lithospheric plate and asthenosphere. The direction of motion of the Pacific plate changed at 40 Ma ago (CLAGUE and JARRARD, 1973; HILDE et al., 1976) , so that the alignment of olivine in the lower layer of the Pacific plate (<40 Ma) will differ from that of the upper layer (>40 Ma). We use the plate thickening model (Yosxil, 1975) in order to estimate the thickness of each layer. The thickness of the plate at a certain place, L (in km), is expressed as a function of the age of the uppermost part of the plate there, T (in Ma) :
L_u and LI correspond to the thickness of the upper and lower layers of the western part of the Pacific plate, respectively. Schematic profiles of P-wave velocities in the western part of the Pacific plate based on this model are shown in the right side of Fig. 2 . The western part of the Pacific plate should consist of two layers, bounded by two parabolic planes and the earth's surface, which have different anisotropic alignments. The direction of the maximum P-wave velocity in the upper layer would coincide with the direction normal to the local magnetic lineations.
In the lower layer, which formed in the last 40 Ma, the direction of the maximum P-wave velocity should coincide with the direction of the present plate motion. Therefore, we may observe the change of orientations of the P-wave azimuthal anisotropy with depth, especially in the western part of the Pacific plate, where the age of the plate is much older than 40 Ma. If the seismic velocities are observed in the Eastern Pacific, which is younger than 40 Ma, the direction of maximum Pvelocity should not change with depth. We believe that the Northwest Pacific is the most likely place to observe anisotropic layers where each layer has azimuthally different directions of anisotropic alignment. The ages of the local magnetic lineations of the Northwest Pacific have been investigated by several researchers (HILDE et al., 1976; ISEZAKI and MIKI, 1978) . We use the results of ISEZAKI and MIKI (1978) to estimate the thickness of the two anisotropic layers in the northwestern part of the pacific plate. As shown in Table 1 , the most part of the plate were formed older than 40 Ma. The present model predicts that within most of the plate the direction of the maximum P-wave velocities should coincide with the direction of the former spreading as determined from the Longshot observations mentioned above.
In addition, the observation of a low velocity zone at depth ) is consistent with the present model, since the present model In general, a low velocity zone means the zone where the velocity is lower than the one of its upper layers in all azimuth paths. On the contrary, we mean an azimuthal-low velocity zone for the case in which the azimuthal discrepancy of the anisotropic axes of the layers causes an apparently low velocity Fig. 3 . Solid ellipse shows the velocity surface in horizontal plane in the upper layer and broken ellipse shows the one in the lower layer. The velocity of the upper layer is faster than that of the lower layer in the azimuth range (1). In the range (2) is the relation opposite.
zone in some azimuthal paths, even if there is no difference in the average velocities of layers. In such a case, both an azimuthal-low velocity zone and an azimuthal-high velocity zone can be observed within an azimuth range of 180° as shown in Fig. 3 . Two typical velocity depth distribution of two layers having different anisotropic directions is shown on the right side of Fig. 2 . We assume that the degree of anisotropy and the average velocity are constant throughout the plate. ASADA and SHIMAMURA (1976) found an offset of the travel time curve zone in the Western Pacific and considered it to be the low velocity zone that usually can be observed beneath the high velocity lids of lithospheric plates. The paths of Longshot-2 and Longshot-6 and their results are shown in Fig. 4 and on the right side of Fig. 5 , respectively. The velocity structure shallower than 80 km is not as reliable, because it was obtained by using other explosion data whose path is azimuthally different from Longshot-2 and it may not exclude the effect of azimuthal velocity anisotropy. Since the low velocity zone deeper than 85 km underlying the high velocity lid on the right of Fig. 5 was estimated on the basis of data from Longshot-2 alone, we consider it to be reliable. This low velocity zone was introduced by ASADA and SHIMAMURA (1976) to interpret the travel-time offset in Longshot-2; a 30 km thick layer with an 0.2 km/s decrease in velocity is inferred from offset. They regard the low velocity zone as asthenosphere. However in a different way using the present model, we will explain this low velocity zone. (1976) and (ISEZAKI and MIKI, 1978 in the subcrustal lithosphere, on the basis of observations that P_n amplitudes are greater in azimuths with high P-wave velocity than in azimuths with low velocity. SHIMAMURA et al. (1983) concluded that the degree of anisotropy may vary with depth based on their observation of the large anisotropic rate at depth. We assumed that the degree of anisotropy was constant, but our model also can suppose a change in degree with depth, because the rate of recrystallization in the bottom of the thick lithosphere is different from those near the mid-ocean ridges.
Although there is a lack of experimental support for this idea, we believe it is quite probable.
Conclusion
The present model has been proposed to interpret P-wave velocity anisotropy observed in the Northwest Pacific. It can combine the plate thickening model and the preferred orientation olivine model. The P-wave velocity azimutal anisotropy and the low velocity zone which were estimated at depth in the northwestern part of the Pacific plate can be explained by this model. It is also suggested that the difference in the formations of the lithosphere near the mid-ocean ridge and beneath the lithosphere away from the ridge causes the difference in the degree of anisotropy between the upper and lower layers in the Pacific plate.
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